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[57] ABSTRACT 

A method and apparatus for pattern inspection forming an 
image of a specimen and inspecting a pattern formed on the 
specimen. This method includes the steps of storing a 
reference image corresponding to an image of the specimen 
into a memory, comparing the read out reference image from 
the memory with the image of the specimen, detecting 
differing portions between the reference image and image of 
the specimen as defects, and determining a probability of 
defects being or becoming a killer defect (i.e., a defect 
causing failure) of the specimen from other defects based on 
the detected differing portions. 

3 Claims, 10 Drawing Sheets 
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METHOD OF AND APPARATUS FOR 
PATTERN INSPECTION 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of and an 5 
apparatus for pattern inspection as one of the indispensable 
technologies for formation of patterns used in various indus- 
trial fields including fabrication of semiconductor devices. 
In particular, it relates to an apparatus for pattern inspection 
in which an image is formed with the use of such a device 10 
as a scanning electron microscope (SEM for visual 
inspection), laser scanning microscope, i-beam microscope, 
and scanning atomic force microscope and the pattern is 
inspected by observing the thus formed image. 

One typical field of application of the present invention is 15 
the area of semiconductor manufacturing. In semiconductor 
manufacturing, the visual-inspection SEM (scanning elec- 
tron microscope) is widely used for pattern inspection. 
Inspection of a pattern form with the use of a visual- ^ 
inspection SEM is carried out, for example, through the 
following steps. 

Asheet of wafer to be inspected, which has been taken out 
from a wafer cassette, is subjected to a pre-alignment 
process with an orientation flat portion or notch of the wafer ^ 
used as a reference. Pre-alignment is a process to align the 
crystalline direction of the wafer in the moving direction of 
an XY-stage. After pre-alignment, the wafer is transported to 
and mounted on the XY-stage and placed in a specimen 
chamber which is kept in a vacuum. The wafer mounted on ^ 
the XY-stage is then subjected to an alignment process with 
the use of an optical microscope mounted on the top of the 
specimen chamber. This alignment process is used to adjust 
the coordinate system of the pattern formed on the wafer to 
the coordinate system of the stage. To be more specific, the 35 
alignment is performed by comparing an image of the 
alignment pattern formed on the wafer magnified several 
hundred times by the optical microscope with a previously 
recorded reference image of the alignment pattern, and 
adjusting the positional coordinates of the stage so that the ^ 
former image correctly registers with the latter, reference 
image. After the alignment, the wafer is shifted to a desired 
point to be inspected by movement of the stage. The point 
to be inspected is moved to the position irradiated by the 
scanning electron beam and thereby an SEM image is 45 
formed. The operator observes the formed SEM image based 
on the knowledge and information the operator has, and 
makes determinations as to the existence of pattern defects 
and defect classification. 

The method mentioned above is defect classification in 50 
terms of the operator's vision. On the other hand if the object 
is converted to an optical microscopic image instead of a 
SEM image, an automatic classification is performed. This 
method of automatic classification is such that after extract- 
ing characteristics such as size and shape from the obtained 55 
defect image, a defect classifier performs an automatic 
classification based on the characteristics. For this purpose, 
a classifier such as neural network is in popular use. Such a 
method is disclosed in M. H. Bennett, "Automatic Defect 
Classification: Status and industry trends", pp. 210-220, 50 
Proceedings of SPIE, Vol. 2439, 1995, which is hereby 
incorporated by reference. 

The main purpose of the defect classification is to accu- 
rately determine the existence of defects severe enough to 
cause failures in the devices (a so-called "killer defect") and 65 
to sort them out. By determining these killer defects, it 
becomes possible to effectively decrease defects affecting 
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the product yield and thereby improve the product yield in 
a short period of time. 

By Convention, defect classifications have generally been 
made by representing them by their geometric forms such as 
circles, squares, rectangles, and triangles or describing the 
sizes of the defects in absolute measures. Such ways of 
classification, however, have not always been suitable ways 
to segregate killer defects from non-killer defects. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
apparatus for pattern inspection suited for accurately and 
quickly determining the existence of killer defects and 
classifying the defects. 

The present invention, in an apparatus for pattern inspec- 
tion producing an image of a specimen and inspecting the 
pattern formed on the specimen, is characterized in that it is 
configured to put a reference image corresponding to the 
image of the specimen into storage, to read the reference 
image out of the storage, to compare the read out reference 
image with the image of the specimen, to detect portions at 
which both the images differ from each other, and to 
segregate killer defects from other defects based on the 
detected portions. 

According to the present invention, an apparatus and 
method for pattern inspection suited for determining the 
existence of killer defects accurately and quickly and clas- 
sifying them can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general arrangement drawing of an embodi- 
ment of a visual-inspection SEM as an apparatus for pattern 
inspection according to the invention; 

FIGS. 2A to 2D are drawings explanatory of defect 
classification in accordance with the present invention; 

FIG. 3 is a flowchart explanatory of a procedure for 
inspection in accordance with the present invention; 

FIG. 4 is a flowchart explanatory of a procedure for type 
classification in accordance with the present invention; 

FIG. 5 is a flowchart explanatory of a procedure for size 
classification in accordance with the present invention; 

FIGS. 6Aand 6B are drawings explanatory of displaying 
specified points to be inspected and the result of the defect 
classification in accordance with the present invention; 

FIG. 7 is a table explanatory of calculation of the prob- 
ability of defect occurrence in accordance with the present 
invention; 

FIG. 8 is a drawing explanatory of the correlation between 
the degree of criticalness and protrusion defect size in 
accordance with the present invention; and 

FIG. 9 is a drawing explanatory of displaying the degree 
of failure calculated in accordance with the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

When, by way of the examples shown in FIG. 2A, the 
defects of protrusion in a wiring pattern are considered, it 
has been determined from experience that the rate of criti- 
calness (i.e., the probability of a defect becoming a 'Toiler 
defect", that is, a defect that definitely causes chip or wafer 
failure) of the defects has a lower correlation with their 
geometric forms and the absolute magnitude of the defects, 
as indicated by the defects a, b, and c, than the correlation 
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of the relative magnitude between the defects and the space the secondary electrons 7 are detected by a secondary- 

in the pattern, as indicated by the defects d and e. In other electron detector 8 and turned into an electric signal, which 

words, for defects a, b and c, the probabilities of the defects is then subjected to such processes as amplification. The 

becoming killer defects are virtually the same, and are not electric signal which has gone through these processes is 

dependent on their geometric form. On the other hand, the 5 used for luminance-modulating a display 9. Since the dis- 

probability of the defect e becoming a killer defect is higher play 9 is scanned in synchronism with the scanning of the 

than the probability of d becoming a killer defect, even wafer face by the electron beam 2, an image of the specimen 

though d is larger than e. (SEM image) is formed on the display. 

Further, as shown in FIG. 2B, a short circuit or line An example of an inspecting procedure according to the 

breakage in a wiring certainly becomes a "killer defect" 1Q invention is shown in FIG. 3. To begin, in step (1), one sheet 

regardless of the shape or size of the defective portion. of the wafer 5 to be inspected is taken out of a wafer cassette 

Meanwhile, defects of protrusion, cavity, pinhole, and iso- 10, as shown in step (1). In step (2), the wafer is subjected 

lation can be mentioned as other defects similar to the t o a pre-alignment process and, at the same time, a wafer 

defects of short circuit and line breakage. On the other hand, number formed on the wafer is read by a wafer number 

it is seldom that such defects as protrusion, cavity, pinhole, i5 rca der, not shown. The wafer number is uniquely assigned to 

and isolation directly cause a failure. However, it is possible cacn wa f cr a previously recorded recipe corresponding to 

that such defects can lead to a failure later in the processing, me wafer is read out with the read wafer number used as the 

a deterioration in the characteristic of the device, or a key, as shown in step (3). The "recipe" is what provides the 

lowering of the reliability in the following steps. procedure for inspection of the wafer and conditions for the 

The probability of such a defect as a protrusion, cavity, ^ inspection, 
pinhole, and isolation leading to a failure depends on the jhe steps subsequent to the above are carried out auto- 
pattern size of the portion in which the defect is present and matically or semi-automatically in accordance with the read 
the distance to an adjoining pattern. Even with similar out recipe. After the wafer number has been read, the wafer 
defects, the larger the pattern size of the portion in which the 5 ^ transported to and mounted on an XY-stage 12 within a 
defect is present, or the larger the distance to the adjoining ^ specimen chamber 11 held in a vacuum, shown in step (4). 
pattern, the less likely it is that the defect will become a The wafer 5 mounted on the XY-stage 12 is then subjected 
killer defect. For example, in FIG. 2C, the probability of the l0 an alignment process by means of an optical microscope 
pinhole b becoming a killer defect is greater than the 13 mounted on the top of the specimen chamber 11, as 
probability that equally-sized pinhole a will become a killer SDO wn in step (5). The alignment process is performed by 
defect because pinhole b is formed in a narrower pattern. 3Q comparing an optical microscopic image (magnified several 
Similarly, in FIG. 2D, the probabilities that the isolations hundred times) of the alignment pattern formed on the wafer 
shown there will become killer defects are greatest for defect 5 with a reference image for alignment previously recorded 
b and lowest for defect c (with defect a in-between), corresponding to the recipe, and adjusting the positional 
Incidentally, the term "isolation" used herein refers to a type coordinates of the stage so that the former image registers 
of defect such as shown in FIG. 2D where one or more 35 with the latter, reference image. After the alignment has been 
isolated pieces of the material of the pattern are formed madc> a wafcr map ( a map of points t0 bc inspected) 
spaced apart from but adjacent to a portion of the pattern. corresponding to the wafer is read out and displayed on the 

Upon investigation based on experience as described display, as seen in step (6). The wafer map indicates the 

above, the method of inspection includes the step of clas- required points to be inspected of the wafer and their 

sifying the defects at least into defects of a short circuit, line ^ histories. 

breakage, protrusion, cavity, pinhole, and isolation. Also, for me wa f er map has been displayed, the operator 

,the^efects-oij)rot^ specifies the point or points corresponding to one or more 

furtto^te^j^pertor med to sul^classify the defects by^ ize.' portions to be inspected out of the points which are dis- 

with Jhejjattern wjdjEOhejspace used as 'the unit. The p i aye d an the wafer map, as shown in step (7). When the 

'apparatus fo7 inspection is provided with a function to 4S po i n t to be inspected has been specified, the wafer 5 is 

compare anjmagejgjuflspection^t^ smfted by me movement of the stage so that the specified 

reference image for inspection,to.detect a portion at which po j n t to be inspected is brought precisely under the electron 

both the' images differ from each other as a defect, and a beam, as shown in step (8). After the wafer has been shifted, 

function to classify the defects at least into types of defects the specified point to be inspected is irradiated by the 

of short circuit, line breakage, protrusion, cavityrpinhole, 50 sca nning electron beam and, thereby, a relatively lowly 

and isolation and, as for the defects of protrusion, cavity,. magnified SEM image (an image for positioning) is formed, 

pinhole, and isolation, to sub-cJassifaahem bv_size withjbe The thus formed lowly magnified SEM image is compared, 

patt&rj^width or the space, used as the unit . as was done in the alignment process, with a previously 

By the above described design, existence of killer defects recorded reference SEM image (a reference image for 

can be determined more accurately and quickly and the S5 positioning) corresponding to the specified point to be 

defects can be classified. inspected, and precise positioning of the point to be 

FIG. 1 shows a basic configuration of an embodiment of inspected is performed such that the former image correctly 

a visual inspection SEM as an apparatus for pattern inspec- registers with the latter, reference SEM image, as shown in 

tion according to the present invention. An electron beam 2 step (9). The positioning is carried out, for example, by 

emitted from an electron gun 1 is narrowed down by a 60 finely controlling the region scanned by the electron beam, 

focusing lens 3 and an objective lens 4 and focused on the The wafer positioned as described above now has its 

face of a wafer 5 as a specimen. At the same time, the region to be inspected located virtually in the center of the 

trajectory of the electron beam 2 is deflected by a deflector screen, i.e., precisely under the electron beam. In this state, 

6 and thereby the face of the wafer is scanned two- a highly magnified SEM image for inspection (an image for 

dimensionally. 65 inspection) of the region to be inspected is formed in step 

Meanwhile, secondary electrons 7 are emitted from the (10). The SEM image for inspection is compared with a 

portion of the wafer irradiated by the electron beam 2 and reference SEM image (a reference image for inspection) 
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corresponding to the region under inspection recorded cor- 
responding to the recipe, and the portion at which both the 
images differ from each other is detected in step (11). The 
differing portion is regarded as a pattern defect. The pattern 
defects are classified at least into types of defects of a short 
circuit, line breakage, protrusion, cavity, pinhole, and iso- 
lation in step (12). 

Next, the defects ofprotnision, ap4 isn l»*inn *rp rtacdfiprt 
bjy size-by express ing the distance to the adjoining patte rn 
with the minimum space used as the unit, and expressing the 
si3e-to-side length~(the length of the shadow of the defect 
cast on the pattern) with the minimum pattern width used as 
the unit. Qn the ot her hand, t he defects of pinhole and cavity 
a re classified by~s ize with the width of the pattern whe re the 
defect is p resent u se^'a^l iFiliiit'in^tlie 0 lalerinilrccTio n an d 
with the minimum pattern wi91n"used *a s" thT'un^ irTtEe 
tongitmrnrahdtfectio n, as seen in step ( 13). Here, the mini- 
mum pattern width and~the minimum space are values in 
^ accordance with the patt ern designing rules ofthe^evacc^to - 
^hcjgjyjrffid a nrl rccnrd«Tfoior"ld Ine inspection ^ 7 
^JrThe type classification of defects of step (12) is performed 
35^ ^^according to the procedure shown by the steps (124) to (125) 
in FIG. 4 as follows. When a previously prepared reference 
SEM image is recorded, the operator specifies line/hole, 
pattern/foundation, minimum pattern width/space, and mag- 
nification information for a pattern layer of the reference 
SEM image. After an SEM image for inspection is formed 
and the SEM image for inspection is compared with the 
reference SEM image and a differing portion, namely, a 
defect is detected, it is determined whether the defect is in 
the pattern or foundation based on a position of the defect in 
a display screen, as shown by step (121) in FIG. 4. If the 
defect is in the foundation, a distance between the defect and 
an edge of the pattern is calculated or measured as next step 
(122). This measurement in step (122) is performed accord- 
ing to one of the following two approaches 1) and 2): 

1) The reference SEM image and a subtracted image 
obtained by the above comparing step are overlapped 
and displayed on the display screen, and then the 
subtracted image is shifted to the edge of the pattern so 
that the subtracted image comes into contact with the 
edge of the pattern, thereby, the distance between the 
defect and the edge of the pattern is obtained based on 
the distance of the movement; or 

2) The reference SEM image and a subtracted image 
obtained by the above comparing step are overlapped 
and displayed with a predetermined scale on the display 
screen, and then the distance between the defect and the 
edge of the pattern is read by using the scale. This 
process which reads the distance is performed by the 
operator or a computer. 

A method of a pattern matching is applied to the above 
first approach (1). The scale used in the above second 
approach (2) may be a concurrence of concentric circles 
which have an edge of the defect as the center of the circles 
or a grid line instead of a scale shaped like a straight line. As 
shown in step (122), if a distance between a defect and the 
edge of the pattern is not '0' and the defect does not contact 
with the edge of the pattern, the pattern defect is classified 
as an isolation. 

On the other hand, if a distance between a defect and the 
edge of the pattern is '0* and the defect contacts with the 
edge of the pattern when the defect is shifted to the front and 
the rear or right and left, a contact portion where the defect 
contacted with the edge of the pattern is checked as the next 
step (123). If there is only one contact portion at the front 
and the rear or right and left, the pattern defect is classified 
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as a protrusion. If there are two contact portion at the front 
and the rear or right and left, the pattern defect is classified 
as a short circuit. 

If step (121) determines that the defects are in the pattern, 
the defects are classified as a pinhole, cavity, or line break- 
age with the same procedure, as shown in steps (124) and 
(125). In other words, step (124) utilizes the same 
approaches (1) and (2) performed in step (122) to determine 
whether the defect is a pinhole, and; if it is not, then step 
(125) is performed in a similar manner to step (123) to 
determine whether the defect is a cavity or fine breakage. 

After the type classification steps described above, the 
defects of protrusion, isolation, pinhole, and cavity are 
classified by size with the minimum pattern width and the 
minimum pattern space serving as the unit, as shown in' step 
(13) of FIG. 3. The^size c lassification of step (13) is, 
perlorined_actt)uJing-tonh^ 
f ollows. ^ 

As a first step (131), a maximum absolute measure of the 
subtracted image (the delect) is obtaine d in each direction 
(X direction and Y direction) according to a well-known size 
measuring procedure using a critical dimensional scanning 
electron microscope (CD-SEM). Here, in the wel l-known 
si ze measurirJig_iM Bej^iirfcifl^ P j£!lg£jOtf 

25" pattern is detecte d based on a line profile, of the defect ima ge, 
' anrrtfae^rzc^g gn^ 
15e1weentnj^ec^ 

"0r3tained*"in e above step (131) is normalized with values in 
accordance with the pattern designing rules of the device, 
30 such as the minimum pattern width/space specified when the 
previously reference SEM image is recorded, as shown in 
step (132). 

The means used for classifying the type's and sizes of the 
defects is, for example, of a hardware configuration such as 
shown in the portion A of FIG, 1. In other words, the 
elements shown in portion A carry out the above-described 
steps (12>and 13) of FIG. 3 (detailed in FIGS. 4 and 5). An 
image signal is converted into a digital signal by means of 
the A/D converter 21. The signal is then subjected to such 
image processing as noise removal by the processor 22 and 
stored into the image memory 23. The image stored in the 
image memory 23 is read out onto the display through the 
processor 22 and, at the same time, subjected to the defect 
classification. For achieving the defect classification, such 
software functions for extra cting image information to 
detect the pattern contour, d etecting the portion at which tEe" 
detected image and the r eference ima ge differ from each 
other , aeterrmjung~j£e continuit y betweenJhe^d ifferiiigjiorr- 
t ion and the^conTou r, an d calculatin g the size. oLthe differing 
portion are incorporated in the processor 22 . Of course, the 
Feference image is stored in the memory within the proces- 
sor. 

After the determination of the existence of the defect at 
the specified point to be inspected and the defect classifi- 
cation have been finished, the result of the classification is 
overwritten on the specified point to be inspected on the 
wafer map and also stored in an inspection data base. In this 
way, inspection of one point is completed. 

If other points still remain to be inspected, the point to be 
inspected next is specified on the wafer map and the steps of 
procedure of FIG. 3 subsequent to the specification of the 
point to be inspected are repeatedly performed for each of 
the points to be inspected. When the inspection of the wafer 
has been entirely finished, the density of all the defects/the 
defects classified by type/the defects classified by size and 
the product yield are calculated for each chip and each wafer 
in step (14). The calculation of the product yield is per- 
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formed with the use of previously recorded tables of degrees 

of criticalness against defect sizes for eacfa type of defect. (The probability of failure for chip) = 
The tables of degrees of criticalness against defect sizes are 

such that they correlate the defects of protrusion, cavity, ^ (weight coefficiem for the defect) x 

pinhole, and isolation classified by size with their respective 5 (respective degree of criticalness for the defect) 

degrees of criticalness. The results of such calculation, 

together with the results of inspection, are stored in the 

inspection data base, as shown by step (14), and the data are ^ wei S bt coefficient of the maximum respective degree of 

output therefrom and used according to the need, as shown criticalness for a defect within the chip is <1\ for example, 

by step (15). This will be discussed in greater detail below. 10 for definite killer defects such ^ line breakage or a short 

If wafers still remain to be inspected in the wafer cassette, ™> fj 0thc f r ™* hi coefficients *re from to '1 

. , t . j . . 4 . . - . Ine probability ot lailure calculated is expressed on the 

the wafer to be inspected next is taken out of the wafer c r , ' . ™« A ™_ . .... r ~ c r M 

. . r .. . , , water map shown m MG. 9. rhe probability ot water failure 

C3S ^" e B ^ d to the procedure shown ± fa means oisnmmin ^ ^ probabilities of chip 

in FIG. 3. Hie density and the yield rate of a plurality of 15 Murcs mc wafcr 

wafers are also calculated correspondingly to the above In ^ forcgoiagf such a method has been described in 

described case of one wafer. which determination of existence of a defect and defect 

FTC 6Ashows the specified points to be inspected on the classification is started by the operator specifying a point to 

wafer map and FIG. 6B shows the result of the defect be examined on the map. Instead of that, an automatic 

classification (shown, for example, in FIGS. 4 and 5) over- 20 method may be used in which points to be inspected are 

written on the specified points to be inspected on the wafer mechanically approached according to specification given in 

map. Here, the size of defects such as a protrusion and a the recipe and the determination of existence of defects and 

cavity are normalized with the minimum pattern width and classification of the defects are mechanically performed, 

the minimum pattern space. The size of the defects are In the foregoing, such a method has been described in 

classified into three category such as less than a third Vi), 25 which only predetermined points to be inspected are 

from a third l A) to two-thirds (V3),and more than two-thirds inspected while the stage is moved in a step and repeat 

( 2 / 3 ) of the space. In the example shown in FIG. 6B, two manner. Instead of that, it may be possible to move the stage 

chips, All (fine A, column II) and AIII (line A, column III), continuously to have the entire surface of the wafer or a 

have already been classified, while other chips are not range of it inspected. 

classified yet 30 When making inspection of the entire surface of the 

The result of the defect classification may be described in wafer > U » no ' necessarily required to have the reference 

the classification table shown in FIG. 7 instead of the wafer age recorded prior to the inspecting operation. It is also 

map. Hie respective densities of defects (i.e., a number of P^le dunng the course of the inspecting operation, to 

j f . 1 . » i ■ . . * • ♦ • . j\ read m the image of a corresponding portion of an adjoining 

defects detected relative to the number of points inspected) „ , • ^ A - , / , ■ J c 

. f - J_. . / . 35 chip or cell and successively record such images as refer- 

are obtained for each wafer and/or each chip based on the ■ _ r 

r , „ , ; , , . ence images tor use. 

amount of data. FIG. 7 shows an example of calculation of ^ capability 0 f additionally recording or re-recording 

the density of defects within a chip and of the density of each re f ere nce images during the course of the inspecting opera- 

type of defect within a wafer. The result of calculation for ^on is usable also when luminance or contrast of a previ- 

each size of the defects also is obtained. If an inspection of 40 0 usly recorded reference image is greatly different from that 

the entire wafer is performed instead of the inspection of the 0 f the inspected image and it is therefore desired to alter the 

specified points to be inspected, the density of the defects for reference image. 

each chip or wafer can be obtained based on the amount of To provide for the case where the luminance or contrast 

data and the size of the wafer/chip. of a previously recorded reference image becomes greatly 

Next, correspondence is determined for the classified 45 different from that of an inspected image, it is practicable to 

defects relative to the degree of criticalness (i.e., the prob- design the apparatus such that image parameters such as 

ability of the defect being or becoming a killer defect) luminance, saturation, and contrast of the image for inspec- 

obtained by manufacturing performance. For instance, a tion and the reference image can be altered separately for the 

correlation between the degrees of criticalness and protru- image for inspection and the reference image, 

sion defect size is shown in FIG. 8. The respective degrees so Depending on the specimen, the image can become bad in 

of criticalness are correlated with each defect classified by quality. Even if the differing portions are detected as defects, 

type such that a protrusion defect size less than l A of the it sometimes becomes impossible to have them automati- 

space corresponds to three percent as the degree of critical- cally classified. In such a case, it is preferred that a function 

ness (i.e., a three percent chance that the defect will become be provided to automatically give an operator-assist alarm so 

a killer defect), a protrusion defect size from Vy to ¥y of the ss that the operator can correct the situation, 

space corresponds to forty percent as the degree of When a charged particle beam such as an electron beam 

criticalness, and a protrusion defect size more than ¥1 of the or an ion beam is used, it sometimes takes a long time to 

space corresponds to seventy percent as the degree of charge up a specimen. The image for positioning or the 

criticalness. These respective degrees of criticalness are image for inspection is not utilized until after irradiation of 

used in calculation of a probability of wafer failure or chip 60 such a charged particle ray has been applied for a predeter- 

failure (the reciprocal of product yield). For example, the mined period of time. 

probability of chip failure is calculated such that the respec- Simultaneous display of the inspection SEM image and 

live degree of criticalness for each defect which exists the reference SEM image is also possible. Hence, the 

within the chip is multiplied by a weight coefficient which appropriateness of the results of classification can be easily 

is assigned based on the relative degree of criticalness for 65 confirmed, 

each defect, and the results of this multiplying are summed In the foregoing, a method has been described in which a 

as follows: positioning process is performed using a highly magnified 
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image after an alignment process has been performed using 
a lowly magnified image. However, the apparatus may be 
provided with a function to directly locate a specified point 
to be inspected, without making an alignment process 
beforehand, by searching around the vicinity of the point to 5 
be inspected until the point is detected. 

In the foregoing, an XY-stage has been used. Instead of 
the XY-stage, an XYT-stage (where T represents inclination) 
may be used and, in such a case, the form of a specimen can 
be inspected in its inclined state. 10 

Only the functions of determining existence of defects in 
the inspection image and classifying the defects have been 
described in the foregoing. However, if the apparatus is 
provided with such an analyzing function as that of a 
characteristic X-ray analyzer or an Auger electron analyzer, 15 
analytical data such as composition of the defective portion 
can also be obtained. 

In the foregoing, an electron beam has been used as the 
probe for image formation. Instead, an ion beam, an optical 
beam, or a mechanical probe may be used as the probe. 20 

The case of one probe-one pixel has been described in the 
foregoing. A system in which images are formed with 
multiple probes or with multiple pixels may also be used. 

In the foregoing, an image obtained by scanning has been 
used. It is also possible to use an image formed by an 25 
image-forming optical system as the object. 

The case of inspecting a semiconductor wafer has been 
described above. The object for inspection may be a wafer 
for an imaging device, a display device or a semiconductor 
wafer to be used in other types of equipment. Alternatively, 30 
the object for inspection may be of a specimen form other 
than that of a wafer. 

What is claimed is: 

1. A method for pattern inspection forming an image of a 
specimen and inspecting a pattern formed on the specimen, 35 
comprising the steps of: 
storing a reference image corresponding to an image of 

said specimen into a memory: 
comparing a read out reference image from said memory 

with said image of said specimen; 40 
detecting differing portions between said reference image 

and image of said specimen as defects; 
classifying said differing portions into a plurality of types 

with at least distances to an adjacent pattern measured 

with a minimum space used as a unit; 
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determining a probability of defect becoming a killer 
defect of said specimen based on said defects classified 
by type; and 

displaying a result of said determination on a display 
screen, 

wherein said differing portion and said reference image 
are overlapped and displayed on said display screen, 
and said differing portion is shifted to an edge of said 
adjoining pattern so that said differing portion comes 
into contact with said edge of said adjacent pattern, 
whereby said distance between said differing portion 
and said adjacent pattern is measured based on the 
distance of the movement. 

2. A method for pattern inspection forming an image of a 
specimen and inspecting a pattern formed on the specimen, 
comprising the steps of: 

storing a reference image corresponding to an image of 

said specimen into a memory; 
comparing a read out reference image from said memory 

with said image of said specimen; 
detecting differing portions between said reference image 

and image of said specimen as defects; 
classifying said differing portions into a plurality of types 

with at least distances to an adjacent pattern measured 

with a minimum space used as a unit; 
determining a probability of defect becoming a killer 

defect of said specimen based on said defects classified 

by type; and 

displaying a result of said determination on a display 
screen, 

wherein said differing portion and said reference image 
are overlapped and displayed with a predetermined 
scale on said display screen, whereby a distance 
between said differing portion and said adjoining pat- 
tern is measured by using said scale. 

3. A method according to claim 2, wherein said scale is 
shaped like a straight line, a concurrence of concentric 
circuits which have an edge of the differing portion as the 
center of said circles, or a grid line. 
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